The short chain fatty acids (SCFA) are the best nutrients for the colonocytes. Glucose is poorly used as a fuel but may be transformed into SCFA by colonic bacteria. The aim of this study was to investigate the effect of SCFA or glucose on experimental colitis. Colitis was induced in 30 Wistar rats by colonic instillation of 4% acetic acid. Five days later they were randomized to receive twice a day colonic lavage containing saline (controls, N = 10), 10% hypertonic glucose (N = 10) or SCFA (N = 10) until day 8 when they were killed. At autopsy, the colon was removed and weighed and the mucosa was evaluated macro-and microscopically and stripped out for DNA assay. Data are reported as mean ± SD or median [range] as appropriate. All animals lost weight but there was no difference between groups. Colon weight was significantly lower in the SCFA group (3.8 ± 0.5 g) than in the control (5.3 ± 2.1 g) and glucose (5.2 ± 1.3 g) groups (P<0.05). Macroscopically, the severity of inflammation was less in SCFA (grade 2 [1-5]) than in control (grade 9 [4-10]) and glucose-treated (grade 9 [2-10]) animals (P<0.01). Microscopically, ulceration of the mucosa was more severe in the glucose and control groups than in the SCFA group. The DNA content of the mucosa of SCFA-treated animals (8.2 [5.0-20.2] mg/g of tissue) was higher than in glucosetreated (5.1 [4.2-8.5] mg/g of tissue; P<0.01) and control (6.2 [4.5-8.9] mg/g of tissue; P<0.05) animals. We conclude that SCFA may enhance mucosal re-epithelialization in experimental colitis, whereas hypertonic glucose is of no benefit.
Introduction
The treatment of non-complicated ulcerative colitis is aimed at reducing the inflammatory reaction and healing the colonic epithelium. In the clinical setting, corticosteroids, 5-aminosalicylic acid compounds and immunosuppressants are the drugs most frequently used (1) .
In patients with ulcerative colitis, the fecal concentration of short chain fatty acids (SCFA) seems to be diminished and apparently the oxidation of these nutrients is impaired by the colonic mucosa cells (2, 3) . SCFA are the best nutrients for the colonocytes and provide up to 70% of the energy supply to the mucosa (3). Butyrate, propionate and acetate, the most important SCFA, have a direct trophic action on the colonic mucosa. They are products of the fermenta-J.E. Aguilar-Nascimento et al.
tion of fibers and other polysaccharides by colonic anaerobic bacteria (4, 5) . Glucose is used poorly as a fuel by the colonic mucosa. However, it could be a suitable substrate to be transformed into SCFA by bacterial metabolism if it were to reach the colon in appreciable quantities (5) . Kinetic studies on the metabolism of SCFA and glucose in isolated human colonocytes have shown that butyrate is an energy source for the colonic mucosa both in cells derived from healthy individuals and in those obtained from patients with colitis (6). Thus, colonic lavage with nutritional solutions, while providing energy, could help reverse the local conditions that militate against the regeneration and healing of the mucosa in ulcerative colitis. By intensifying crypt cell proliferation, nutritional solutions could facilitate epithelialization and quickly fill the ulcers in colitis. SCFA may also stimulate the colonic blood flow and uptake of oxygen, which is especially important for healing (7) . In fact, colonic lavage with SCFA solutions seems to improve the inflammation of the mucosa in diversion (8) or ulcerative colitis (9) patients. However, the effect of nutritional solutions on experimental colitis has not been thoroughly studied (10) . Previous studies have focused on the reduced inflammatory response induced by butyrate enemas in colitic rats by measuring the transglutaminase (11) or the myeloperoxidase activities (12) . Thus, an investigation of the response of the colitic mucosa to other nutrients could be of some importance in the understanding and management of these cases. The aim of the present study was to investigate the influence of nutritional solutions containing SCFA or hypertonic glucose on the colitic mucosa in an experimental rat model.
Material and Methods
Thirty male Wistar rats (350-380 g) were kept in the laboratory environment for three days on a 12-h light/12-h dark cycle before the study. The animals received standard rat chow containing 32 g of nitrogen/kg and 9% fiber (Ralston Purina, São Paulo, SP, Brazil; basic composition: corn, wheat, soybean, meat, raw rice, vitamins and minerals) and drank water ad libitum throughout the study.
Induction of colitis
After a 12-h fast, the animals were lightly sedated with inhalatory ether. An 8-Fr plastic catheter was lubricated with jelly and inserted 10 cm up into the colon through the anal canal. A previous pilot study had shown that by this technique the tip of the catheter would lie at or near the splenic flexure of the colon. With the animal placed in the Trendelemburg position, 2 ml of a solution containing 4% acetic acid was instilled into the colonic lumen through the catheter connected to a syringe. After instillation the rats were allowed to recover from sedation and were returned to their cages.
Administration of lavage solutions
Five days after induction of colitis the animals were randomized to receive twice a day until day 8 colonic lavages containing 2 ml of one of three different fluids: saline (control group; N = 10), 10% hypertonic glucose (N = 10) and SCFA (N = 10). The SCFA solution contained 60 mM sodium propionate and 40 mM sodium N-butyrate (Sigma Chemical Co., St. Louis, MO, USA). Although acetate is the most abundant SCFA in the colon we deliberately excluded it from the mixture because acetic acid was used to promote the experimental colitis. The solution was adjusted to an osmolarity of 280-290 mOsm by the addition of NaCl and then to a pH of 7.0 with either concentrated NaOH or HCl as appropriate. The saline (pH = 7) and glucose (pH = 5.5) solutions had similar osmolarity (approximately 290 mOsm). Animals that died during the experi-ment were replaced with others.
Macro-and microscopic evaluations and DNA assay
The rats were weighed daily and killed by an overdose of ether on the 8th day after the induction of colitis. At autopsy, the segment of colon located between the ileocecal valve and the peritoneal reflexion was dissected and freed from the mesocolon. The entire large bowel was weighed after being flushed with cold saline to remove the contents. The specimen was then opened longitudinally and the mucosa inspected and graded using a macroscopic score (13) ( Table 1 ). The pilot study cited above had shown that from day 5 until day 10, specimens achieved grade 9 to 10 in this rat model of colitis. A small specimen of the bowel wall containing all the layers was collected from a point 2 cm above the peritoneal reflexion, fixed in 15% formalin solution and sent for histological examination. Histological sections cut sagitally to the serosa were stained with hematoxylin and eosin and studied by an observer blinded to the animal groups. Crypt depth (CD) and colonic wall width (WW) were measured (in µm) on each slide using a micrometer. The mean value of the ten best-oriented crypts was considered to represent the data for each specimen. WW, measured at the same site as CD, was defined as the distance from the serosa to the lumen. A score ranging from 1 to 4 was used to evaluate the intensity of the microscopic ulcerative process in the mucosa. In this system, 1 = no ulceration; 2 = minimal ulceration (less than one microscopic field at 100X magnification); 3 = large ulceration (ulcer larger than one microscopic field at 100X magnification), and 4 = specimen without the mucosa (total ulceration). The rest of the mucosa of the colon was stripped out using a glass slide and assayed for DNA content (14) .
A group of normal rats was also used for both histological (CD and WW values) and DNA studies.
Statistical analysis
One-way analysis of variance or the Kruskal-Wallis test was used to compare the data among groups depending on the characterization of the dependent variables and the homogeneity of the sample as assessed by Levenes test. When P<0.05, differences among groups were identified by the Tukey test. The data are reported as mean ± SD or median [range] as appropriate.
Results
One animal from the hypertonic glucose group died on the 6th day after induction of colitis. Autopsy showed fecal peritonitis due to colonic perforation. All animals lost weight from the beginning to the end of the study. There was no difference in weight between groups before (control: 350 ± 35 g; glucose: 332 ± 47 g, SCFA: 321 ± 14 g, P>0.05) or after the experiment (control: 329 ± 46 g, glucose: 301 ± 40 g, SCFA: 311 ± 29 g, P>0.05). However, the weight of the colon was significantly lower in the SCFA group (3.8 ± 0.5 g) than in both the control (5.3 ± 2.1 g) and glucose (5.2 ± 1.3 g) groups (P<0.05).
The results of macroscopic evaluation of the colitic mucosa can be seen in Figure 1 . The severity of inflammation was significantly lower in SCFA-treated rats (grade 2 (Figure 3 ).
Discussion
Acetic acid-induced colitis causes a relatively bland epithelial necrosis and edema that may extend into the lamina propria and submucosa (15) . The nonspecific nature of the mucosal injury and the lack of chronicity are the most questionable factors of this model. However, the mucosal and submucosal inflammation that follows the initial epithelial injury is associated with activation of arachidonic acid pathways and is inhibited by leukotriene blockade, prostaglandin analogues, phospholipase A2 inhibitors and glucocorticoids (16) . Moreover, the inflammation promoted by topically applied acetic acid is improved by the use of sulfasalazine and glucocorticoids. These similarities suggest some resemblance to human colitis, so that this may be considered a suitable model. Furthermore, the advantages of acetic acidinduced colitis are its low cost and easy administration (16) .
The present results suggest that SCFA enhance the re-epithelialization of the colitic mucosa. Compared with both saline and hypertonic glucose, SCFA was the most effective agent in inducing recovery of the damaged mucosa. Not only were both the macroand microscopic parameters higher in SCFAtreated animals when compared with the other groups, but also the DNA content of [1-5]) compared with both controls (grade 9 [4] [5] [6] [7] [8] [9] [10] ) and glucose-treated (grade 9 [2-10]) animals. There was no difference in the histologic morphometric values (CD and WW) among the three groups of colitic animals. Compared to normal rats, both CD and WW were the mucosa was higher in this group. Furthermore, the results observed in SCFA animals were closest to those observed in normal rats. Taken together, these findings suggest that a more rapid regeneration of the epithelium occurs when SCFA are employed.
A lack of luminal concentration of SCFA seems to occur in ulcerative colitis (2, 17) . This scarcity is possibly due to a reduction of colonic anaerobic bacterial flora that may exist in both clinical and experimental colitis (18) . Thus, we may speculate that an increased availability of these substrates may reinforce the nutrition of the colonocytes and reduce the inflammatory response of the colonic mucosa. Indeed, some reports have recently claimed that topical use of enemas containing SCFA improved the clinical condition and the endoscopic findings in patients with distal ulcerative colitis (9, 19) .
The possible actions of SCFA on the colonic mucosa that may explain the good results obtained in this rat model are the well-documented property of these nutrients to promote colonic cell proliferation (3) and the stimulation of mucus release that may provide a more effective environment to protect the mucosa against bacterial invasion, diminish bacterial translocation and enhance the absorption of more SCFA by the colonocyte (20) . Moreover, the SCFA, especially butyrate, may dilate arteries, thus increasing the blood flow to the large bowel mucosa and improving the mucosal uptake of oxygen (7) . By also increasing the mucosal levels of transglutaminase, an enzyme responsible for the cross-linking of several proteins of the extracellular matrix and for the inhibition of fibrinolysis, butyrate may cause a faster re-epithelialization of the mucosa (11) . Acetate seems to be less efficient for the colonic mucosa compared to butyrate and propionate (3, 5) . Thus, criticisms for not including acetate in the composition of the SCFA solution used seem to be irrelevant. Sugar has been used for centuries to accelerate wound healing (21) and may have some bacterial and bactericidal properties (22) . In experimental colonic anastomosis, both SCFA and glucose may enhance perianastomotic mucosal proliferation (23) and intra-anastomotic resistance (24, 25) . However, in this rat model of colitis, hypertonic glucose failed to promote regeneration and healing of the mucosa. This suggests an impaired utilization of glucose as a substrate by the bacterial metabolism to form SCFA. Possibly the acetic acid administered for the induction of colitis and the repeated hypertonic glucose enemas may have caused changes in the normal bacterial flora of the large bowel which may have impaired SCFA production from the available substrates. In the clinical setting, the intestinal bacterial flora seems to be modified in ulcerative colitis (18) and in experimental colitis there is a significant increase of aerobic Gram-negative bacilli within the colon (26) . Thus, the production of SCFA by the bacterial metabolism could be impaired, though the colonocyte of both the colitic and normal mucosa is known to utilize SCFA (6) .
The passage of bacteria and endotoxins from the intestinal lumen to the mesenteric lymph nodes, portal vein, liver and other extraintestinal sites may be increased in ulcerative colitis as a result of the disruption of the mucosal barrier and of the modified flora. In the rat model of bacterial translocation, the serum endotoxin concentration was positively correlated with the presence and extent of intestinal ulceration (26) . Thus, by accelerating the regeneration of the colonic epithelium, SCFA may help to prevent the occurrence of bacterial translocation.
Although caution is necessary in extrapolating the findings of an experimental study to humans, the overall results support the hypothesis that SCFA may play an important role in the management of ulcerative colitis. However, hypertonic glucose is of no benefit. Since a reduction in the number of anaerobic bacteria is a common feature of active colitis regardless of its origin (18) , the findings also suggest that the production of SCFA is impaired, though the colonocytes may utilize luminal SCFA if available.
